We describe a case in which uncontrolled chronic disseminated intravascular coagulation (DIC) caused by an aortic aneurysm that was exacerbated by chemotherapy for lung cancer, showed dramatic improvement when warfarin, which was being administered for atrial fibrillation, was replaced by rivaroxaban, a direct oral anticoagulant (DOAC). The present case is interesting because a DOAC was effective in treating DIC due to an aortic aneurysm, whereas warfarin, another oral anticoagulant, was ineffective. In controlling DIC, it is important to inhibit activated coagulation factors such as thrombin and activated factor X, rather than the coagulation factors, which act as substrates.
Introduction
Disseminated intravascular coagulation (DIC) is a pathological condition in which systemic, persistent, and marked coagulation activation in the presence of an underlying disease and varying degrees of fibrinolytic activation are seen simultaneously. DIC can be accompanied by organ damage due to microcirculatory disorders, and by bleeding symptoms due to consumption coagulopathy and marked fibrinolytic activation (1) .
DIC associated with aortic aneurysms often follows a long course and becomes chronic DIC (2) . Even when clear coagulation-fibrinolytic activation is present, the patient may show no symptoms and DIC may go unnoticed. On the other hand, DIC is sometimes diagnosed when trauma or an invasive procedure triggers sudden difficulty in achieving hemostasis, necessitating therapeutic intervention. Difficulty in treating aortic aneurysm is not uncommon, and such patients require long-term pharmacotherapy for DIC. In this scenario, the ideal treatment would only minimally detract from the patient's quality of life.
Although reducing the coagulation factors, which act as substrates, does not improve DIC (DIC can even develop in patients with fulminant hepatitis with depleted coagulation factors), it is necessary to reduce the activated coagulation factors to control DIC. Many patients with DIC have been treated with unfractionated heparin in order to inhibit the activated coagulation factors via antithrombin (3, 4) . However, such therapies have a drawback, as the patient must be constrained for 24 h to receive continuous drip infusion. Thus, this approach is not suitable for the treatment of chronic DIC in an outpatient setting. Although the intravenous administration of danaparoid and the subcutaneous administration of heparin do not always constrain patients, the ability to perform this treatment in an outpatient setting is also limited. The self-administration of subcutaneous heparin has recently been approved for insurance coverage in Japan; however, self-administration is also a burden to patients. Accordingly, the ability to control DIC with an oral anticoagulant would be greatly beneficial to patients with chronic DIC.
The oral anticoagulants that are currently in clinical use include warfarin and direct oral anticoagulants (DOACs). DOACs inhibit activated coagulation factors such as thrombin and activated factor X, and are used to prevent and treat non-valvular atrial fibrillation and deep venous thrombosis. The ability of DOACs to inhibit activated coagulation factors makes them fundamentally different from warfarin, which reduces the activity of vitamin K-dependent coagulation factors as substrates and proenzymes. Because activated protein C can improve coagulation abnormalities, warfarin can worsen coagulopathy by reducing the expression of protein C and protein S (a cofactor of protein C). In theory, DOACs should be effective for treating DIC, since they inhibit activated coagulation factors. In fact, we have already reported that the DOAC rivaroxaban was effective for treating chronic DIC associated with aortic aneurysms (5) . On the other hand, warfarin, another oral anticoagulant, would be thought to be ineffective for DIC, since it does not show inhibitory activity against activated coagulation factors and it inhibits the generation of protein C and protein S. Nevertheless, warfarin has been expected to show some degree of efficacy against DIC, perhaps because of its convenience as an oral drug, and it has been administered to DIC patients (6) (7) (8) (9) (10) . Essentially, however, warfarin and DOACs are not indicated for the treatment of DIC.
We herein report the case in which the dramatic improvement and long-term control of DIC was achieved in a patient with chronic DIC caused by an aortic aneurysm that was uncontrolled by warfarin (administered for atrial fibrillation) when warfarin was switched to rivaroxaban. We reconfirmed that rivaroxaban, a DOAC, was effective when for treating chronic DIC caused by an aortic aneurysm. On that basis, it is considered that this demonstration -namely, that warfarin is ineffective against DIC, even in patients such as this one -is highly significant.
Case Report
The patient was a 69-year-old man who was first treated at our hospital for thoracoabdominal aortic aneurysm, angina, and hypertension in 2009. Paroxysmal atrial fibrillation manifested in 2010. In February 2012, he experienced a stroke immediately after the insertion of an aortic aneurysm stent graft, and the administration of warfarin was started to treat paroxysmal atrial fibrillation. His CHA2DS2-VASc score was 6 (CHADS2 score was 4). From around 2013, his platelet count decreased to approximately 70-100×10 9 /L (reference range: 130-350×10 9 /L), and chronic DIC associated with the aortic aneurysm was suspected (Fig. 1) . During this time, warfarin showed a prothrombin time-international normalized ratio (PT-INR) of approximately 2.0-3.0 and the anticoagulation control was good; however, the patient's platelet count remained low and continued to gradually decline. In addition, the fibrin/fibrinogen degradation product (FDP) level during this time was 50-130 μg/mL (reference value: >5.0 μg/mL) while the D-dimer level was 30-50 μg/mL (reference value: >1.0 μg/mL). Fibrinogen (Fbg) showed large fluctuations, falling to approximately 140 mg/dL (reference range: 183-381 mg/dL). Thoracoabdominal contrastenhanced computed tomography (CT) was performed in January 2015 in order to observe the course after thoracoabdominal aortic aneurysm surgery, and a nodule was noted in the right upper lobe. In February 2015, positron emission tomography (PET)-CT revealed multiple lymph node metastases, and the patient was admitted to our hospital. Squamous cell carcinoma was diagnosed based on the results of right cervical lymph node biopsy. Warfarin was replaced with heparin (15,000 U/24 h) for 19 days to allow lymph node biopsy (warfarin was administered before and after that in-terval).
Chemotherapy was started for lung cancer in March 2015. On day 2 of chemotherapy, the patient's platelet count was 56×10 9 /L; it decreased further to 39×10 9 /L on day 3 of chemotherapy. A coagulation test on day 3 of chemotherapy showed the following results: PT, 20.1 s (reference range: 10.5-12.9 s); PT-INR (while on warfarin), 1.77; activated partial thromboplastin time (APTT), 40.9 s (reference range: 27.3-40.3 s); Fbg, >50 mg/dL; FDP, 139.7 μg/mL; D-dimer, 64.4 μg/mL; antithrombin, 106% (reference range: 70-130%); thrombin-antithrombin complex (TAT), 82.8 ng/mL (reference value: >4 ng/mL); plasmin-α2-antiplasmin inhibitor complex (PAP), 11.4 μg/mL (reference value: >1.1 μg/ mL); plasminogen, 68% (reference range: 70-130%); and α2-antiplasmin, 49% (reference range: 70-130%). These data indicated marked coagulation-fibrinolytic activation. The patient was diagnosed with an exacerbation of aortic aneurysm-associated enhanced-fibrinolytic-type DIC (according to diagnostic criteria for DIC with enhanced fibrinolysis) (11) in response to chemotherapy.
The risk of bleeding was considered to be high due to the advanced thrombocytopenia and marked fibrinolytic activation. Thus, warfarin was discontinued on day 3 of chemotherapy. However, as there was a risk of thrombosis due to atrial fibrillation, the oral administration of rivaroxaban (10 mg/day) was started on day 7 of chemotherapy (after confirming that PT-INR had decreased to 1.39). The patient had renal dysfunction, with a body weight of 63.0 kg, a serum creatinine level of 1.97 mg/dL and a creatinine clearance of 32 mL/min. We therefore set the dose of rivaroxaban to 10 mg. On day 8 of chemotherapy, tests showed clear improvements in DIC (Fig. 2) : platelet count, 67×10 9 /L; Fbg, 113 mg/dL; FDP, 98.0 μg/mL; and D-dimer, 37.2 μg/mL. The test results on day 10 of chemotherapy were as follows: platelet count, 83×10 9 /L; Fbg, 138 mg/dL; FDP, 62.9 μg/ mL; and D-dimer, 25.5 μg/mL. Moreover, TAT, a coagulation activation marker, and PAP, a fibrinolytic activation marker, showed clear decreases after the start of rivaroxaban. No bleeding side effects accompanied the administration of rivaroxaban.
After completing the first course of chemotherapy, even though the patient's lung cancer was not reduced (stable disease), his DIC was improved by rivaroxaban, which was administered for atrial fibrillation. The control of DIC continued to be good, and the patient was not considered to be at risk of bleeding. For these reasons, the patient was discharged on day 23 of chemotherapy. After discharge, the patient's platelet count did not decrease due to DIC, and it was possible to administer chemotherapy once every 4 weeks on an outpatient basis. The patient's platelet count was maintained in the range of 150-200×109/L, while his Fbg level remained in the range of 200-300 mg/dL for 13 months after the start of rivaroxaban therapy, until the patient died of lung cancer.
Discussion
Various treatments have been reported to be effective for chronic DIC accompanied by the strong fibrinolytic activation that is associated with blood vessel-related diseases such as aortic aneurysm and giant hemangioma. Examples include nafamostat mesilate, heparin and recombinant thrombomodulin (12) (13) (14) . However, those treatments are all administered by drip infusion, which makes them impractical for outpatient therapy.
The patient in this case had been newly diagnosed with lung cancer, but had a history of atrial fibrillation with cerebral infarction, and warfarin was being administered as anticoagulation therapy. The patient's DIC worsened immediately after the initiation of chemotherapy, due to the activation of the extrinsic coagulation pathway by the large amount of tissue factor that was released from tumor cells that had been disintegrated by chemotherapy and warfarin had to be discontinued due to the potential for bleeding symptoms. On the other hand, we wanted to continue anticoagulation therapy due to the patient's atrial fibrillation. We were the first to report that rivaroxaban -an oral activated factor X inhibitor -was effective for the treatment of DIC associated with aortic aneurysms (5). Subsequently, other authors have reported that rivaroxaban is effective for treating DIC associated with abdominal aortic aneurysms (15) . Based on our earlier experience, in which a patient was treated with rivaroxaban (after we obtained approval from our hospital's medical ethics committee and after obtaining informed consent), following confirmatory reports from others, and after verifying that the PT-INR had been corrected following the discontinuation of warfarin, we initiated treatment with rivaroxaban. Although he was already hospitalized, we did not want to constrain the patient, who had a good general condition. In addition, we were aiming for an early discharge. We therefore wanted to choose an oral anticoagulant and selected a DOAC as the first-line treatment. The patient's DIC rapidly improved thereafter (Fig. 2) . Neither bleeding nor thrombosis was seen. Moreover, since no worsening of the patient's quality of life was seen, treatments for both lung cancer and DIC could be continued safely on an outpatient basis. If no recovery of the thrombocytopenia that accompanied DIC had been seen in this patient, the chemotherapy for lung cancer, which was causing bone marrow suppression, could not have been continued. We therefore believe that successful treatment of DIC was highly significant -not only because it improved the patient's DIC, but also because it enabled the lung cancer treatment to be safely continued.
As mentioned above, we previously reported that rivaroxaban is effective for treating chronic DIC (5) . However, this is the first report to show a case in which DIC, which had been uncontrolled under the administration of warfarin, dramatically improved after switching to rivaroxaban.
Warfarin exerts anticoagulation activity by reducing the activity of vitamin K-dependent coagulation factors as substrates and proenzymes. Anticoagulation treatments using heparin and the like are effective against DIC. For that reason, warfarin, which is also an anticoagulant, was anticipated to be effective for DIC-despite the fact that it was not indicated for this condition. In fact, some reports have described the administration of warfarin in the treatment of DIC (6-10). Warfarin has an advantage in that it can be administered orally, which makes it easy to prescribe to outpatients. However, it is hard to ascertain whether warfarin really alleviated DIC in the above-mentioned reports, when they are evaluated from the current medical perspective. In addition, warfarin is associated with a drawback: the appetite loss caused by chemotherapy induces poor warfarin control.
In the present case, although warfarin could have been considered to be achieving adequate control based on the PT-INR, the decreased platelet count and the marked elevations of the FDP and D-dimer levels, which continued for a number of years, indicated that the patient's DIC was not being controlled. We responded to an exacerbation of DIC by discontinuing warfarin and switching to rivaroxaban, which resulted in the prompt alleviation of the patient's DIC, with a marked improvement in the platelet count and fibrinogen.
Our experience with this patient shows that the control of DIC requires the inhibition of the activated coagulation factors, such as thrombin and activated factor X, rather than coagulation factors, which act as substrates. The present case is thus important in the sense that it shows that warfarin is ineffective for treating DIC, even in patients in whom DOAC treatment is effective.
Interestingly, the administration of rivaroxaban as an anticoagulation agent inhibited not only coagulation activation, but also fibrinolytic activation. The mechanisms underlying these dual effects are unclear. In addition, the use of rivaroxaban to treat DIC associated with underlying diseases other than aortic aneurysms has not been reported, and likewise, no reports have described the efficacy of DOACs other than rivaroxaban in the treatment of DIC. These issues need to be investigated further.
In summary, we reaffirmed that rivaroxaban was effective in treating DIC associated with an aortic aneurysm. At the same time, warfarin was observed to clearly be ineffective for treating DIC.
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